During pregnancy the characteristic increase in the thyroxine-binding capacity of the circulating globulin, TBG (1-3), is associated with a retarded rate of thyroxine turnover (4) and an increase in the concentration of hormonal iodine (PBI) in the plasma (1-4). These alterations in iodine metabolism have not been found in women with choriocarcinomas who excrete large quantities of chorionic gonadotropin (5), but do occur in nonpregnant individuals given large quantities of estrogens (6-8). It has been concluded, therefore, that during pregnancy these phenomena result from systemic effects of placental estrogens. Moreover, the sera of aborting women often fail to show the characteristic increase in serum PBI (9) and in thyroxine-binding by TBG (2).
During pregnancy the characteristic increase in the thyroxine-binding capacity of the circulating globulin, TBG (1) (2) (3) , is associated with a retarded rate of thyroxine turnover (4) and an increase in the concentration of hormonal iodine (PBI) in the plasma (1) (2) (3) (4) . These alterations in iodine metabolism have not been found in women with choriocarcinomas who excrete large quantities of chorionic gonadotropin (5) , but do occur in nonpregnant individuals given large quantities of estrogens (6) (7) (8) . It has been concluded, therefore, that during pregnancy these phenomena result from systemic effects of placental estrogens. Moreover, the sera of aborting women often fail to show the characteristic increase in serum PBI (9) and in thyroxine-binding by TBG (2) .
In the past, attempts have been made to use the concentration of PBI as an indicator of fetal viability (9, 10) ; however, as appears to be true of studies of urinary or plasma chorionic gonadotropin determinations, pregnandiol and estrogen levels, and vaginal smears (11) (12) (13) (14) (15) , the PBI has not proved satisfactory for routine use It was found that serum gonadotropin levels and assessment of the vaginal epithelium were poor prognostic indicators in early pregnancy. On the other hand, the parameter of serum thyroxinebinding, by virtue of its reproducibility and technical ease, appears to allow prediction of the outcome of most threatened abortions.1
MATERIALS AND METHODS
Measurement of serum TBG. Since a variety of ionexchange resins have been found to have a high affinity for thyroxine (16, 17) , previously described methods for assessing serum thyroxine-binding (18) (19) (20) (21) were adapted for quantitative assessment of TBG by using the anionic exchange resin, Dowex 2, A-G 2 X 7, 200 to 400 mesh, obtained from a commercial supplier in the chloride form. The resin was converted to the maleate form in from 4 to 7 days by repeated washing with 0.2 M Tris maleate buffer (pH 8.6) until no precipitate appeared in the supernatant fluid upon addition of a few drops of 0.1 M silver nitrate. After repeated washing with distilled water and finally with acetone, the resin was dried in room air on a filter-paper pad in a Buchner funnel.
To establish optimal characteristics for the procedure, the effects of the quantity of resin employed, amount of serum, concentration of PBI, pH, and time of incubation on the resin uptake of labeled thyroxine were observed. The most useful preparation proved to be 100 mg of dry resin incubated with 0. 8.6 had no appreciable effect on the resin uptake of thyroxine from serum, subsequent experiments did not require adjustment of serum pH. Time curves were performed under the foregoing conditions, which indicated that the maximum difference between the uptake of thyroxine from pregnancy sera and from normal sera occurred after five to ten minutes of incubation. Nearly complete uptake of the hormone from either pregnancy or normal sera occurred after from 4 to 6 hours. A ten-minute period of incubation was selected as the optimal time for demonstrating differences in serum thyroxine-binding. For purposes of control, resin uptakes of thyroxine from pooled, normal sera and pooled, normal, pregnancy sera were determined during all studies of experimental sera. All studies were performed in duplicate. After exactly ten minutes of incubation, 5 ml of distilled water was promptly added to the tube from a wash bottle and the resin was sedimented by centrifugation at 3,000 rpm for 2 to 3 minutes. The supernatant fluid was removed by aspiration, and the washing procedure was repeated 3 more times with 5 (Figure 1 ). The electrophoretic method employed was as described elsewhere (4, 8, 22, 23) . This consisted briefly of the addition of tracer thyroxine to serum, enrichment of samples of the labeled serum with stable thyroxine to six concentrations (10, 40, 120, 230, 340 , and 450 ,lg per cent),2 and zonal electrophoresis of 0.020 ml samples of each portion on filter-paper (Whatman no. 3) in Tris-maleate buffer, pH 8.6, ionic strength 0.10 at 140 v for 16 hours. The quantities of total radioactivity associated with TBG and TBPA (thyroxinebinding prealbumin) were then assessed at each concentration of added thyroxine. Saturation capacities of the proteins for thyroxine were determined from these data. In the study group was one euthyroid subject with remarkably subnormal serum thyroxine-binding and concentration of PBI (24) , and members of a family in 2 The present concentrations of added thyroxine proved to be more suitable than other suggested concentrations (23) Other measures of pregnancy status. Quantitative serum gonadotropin levels were assayed by the male frog technique (27) .3 To assure accuracy and reproducibility, sera were stored in the frozen state and tested in large numbers when seasonal variations in the frogs were mini- Results were expressed as the greatest dilution of serum at which a positive result was obtained.
Vaginal epithelial changes were appraised by techniques described by Benson and Traut (28) Placental insufficiency. These 11 women were patients in late pregnancy in whom gross pathology of the placenta, and often, secondary alterations of the fetus were found ( Figure 5 ; Table I ied in whom 13 carried to a viable pregnancy ( Figure 6 ; Table I , Category V), and 23 spontaneously aborted from unknown causes ( Figure  7 ; Table I , Category IV). In the former group, normal pregnancy changes in resin uptake ratio were noted throughout pregnancy in those patients who were followed. Table I ) unless later termination is indicated by a dashed line and cross. These latter six women had pregnancies classified as missed abortion. One of these terminated 14 Table I ). who carried their pregnancies and were exhibiting normal pregnancy changes in serum thyroxinebinding. The over-all correctness of prediction by the vaginal smear was 52 per cent, by serum gonadotropin titers, 75 per cent, and by thyroxinebinding, 76 per cent. Moreover, it will be noted from Table I that serial determinations of smears and gonadotropin titers were quite variable in the same patient during a period when the status of pregnancy was clearly indicated by assessment of serum thyroxine-binding (e.g., Patients 8 and 10, Category V).
More germane to the comparison of these methods to the resin technique were the results obtained in the case of women who were threatening to abort who had no known causes for abortion and who either aborted or carried (Table I , Categories I, IV, and V). In these groups, comprising 48 patients, vaginal smears were assessed in 27, and gonadotropin titers were measured in 31. A correct prediction was made by the vaginal smear in only half the cases and by the gonadotropin titers in about two-thirds of the cases. The resin technique correctly predicted the outcome in 46 of 48 pregnancies, or 96 per cent.
The concentration of serum PBJ, as noted by others, correlated moderately well with clinical status (9, 10) . After 10 weeks of pregnancy, concentrations of serum PBI in women who threatened to abort and shortly did so were somewhat lower than concentrations in women who threatened to abort, but carried to delivery of viable infants (p < 0.02). When the same groups were compared on the basis of their resin uptake ratios, however, the difference proved to be of much greater significance (p < 0.001).
DISCUSSION
Measurement of the accumulation of labeled thyroxine from serum by an anionic ion-exchange resin is a simple and rapid technique for appraising thyroxine-binding by the serum thyroxinebinding globulin (TBG) (18) (19) (20) (21) . When applied to a specific clinical problem, it proved to be a practical method for predicting the eventual outcome of pregnancy in women who were threatening to abort. In the present study it was a more reliable indicator of the prognosis of threatened abortion than previously described techniques, including the evaluation of the vaginal smear and measurement of serum gonadotropin titers. In late pregnancy, however, the finding of low or absent serum gonadotropin titers despite normal pregnancy changes in TBG appears to carry an ominous prognosis for pregnancy. Since the concentration of serum PBI is a function of several variables (29) (30) (31) (32) (33) , it correlated only moderately well with the status of pregnancy (9, 10) .
Beyond its clinical application, measurement of the resin uptake of serum thyroxine clarifies certain physiologic events that occur in pathologic pregnancies. Previous work has shown that both the concentration of PBI and thyroxine-binding by TBG return slowly to normal after pregnancy or after discontinuing the administration of large amounts of estrogen, and achieve nonpregnant values only after from 3 to 6 weeks (2, 6). This gradual decrease was observed in one woman in the habitual abortion group .(Patient 2, Table I , Category I) and in two patients in the threatened abortion group (Patients 11 and 18, Table I , Category IV). Thus, it is likely that placental failure to elaborate normal amounts of estrogen would not be reflected by a decreased resin uptake ratio for at least several days. Accordingly, most women who were threatening to abort and who later did so may have incurred placental failure as long as several weeks before the event of abortion. This interpretation agrees with the conclusion of a number of workers who have found evidence that fetal death occurs approximately six weeks prior to abortion (34) (35) (36) . On the other hand, a number of women with known mechanical causes of gestational failure, such as incompetent cervical os, submucous leiomyomata, abruptio placenta, and induced abortion may exhibit initially adequate elaboration of estrogen, as judged by normal pregnancy levels of serum thyroxine-binding. This finding indicates that death of the conceptus is a late event in these types of abortion. Moreover, it follows that the finding of normal pregnancy levels of TBG in patients who soon abort suggests search for such mechanical factors even though they are not clinically evident. If these patients are excluded from the group of women who are threatening to abort, then failure to find normal pregnancy TBG changes or loss of these changes confirms gestational failure and inevitable abortion regardless of the patient's apparent clini-cal course. Alternatively, in the absence of the foregoing disorders, women threatening to abort, regardless of their clinical course, who continuously exhibit normal pregnancy changes in TBG are likely to continue pregnancy at least to theoretical fetal viability and in most cases to term.
In no way should it be construed that this work indicates that placental failure to elaborate normal amounts of estrogen or abnormalities of thyroid function are causes of gestational failure. These data suggest that abortion results from prior death of the conceptus and that in most, if not all cases of threatened abortion, therapy with exogenous estrogen cannot be of benefit (34, 35) . It is also apparent that estrogenic treatment would vitiate assessment of serum TBG as a method for following the course of pregnancy.
Many of the present women, particularly those with a diagnosis of habitual abortion, received relaxin or progestational steroids throughout the study-norethindrone (Norlutin) and hydroxyprogesterone caproate (Delalutin). These preparations appeared to have no effect on serum thyroxine-binding and therefore did not vitiate the predictive value of the assessment of serum TBG by the resin method. It is parenthetically noteworthy that despite previous suggestions (37, 38) , the present data support the view that the arbitrary diagnosis of habitual abortion is artificial and misleading (39) . In the prospective study of 12 women with this diagnosis, only 4 failed to carry to term and mechanical causes of abortion were suspected in two of these . Notable also was the fact that these women did respond to the stimulus of pregnancy with normal changes in thyroxine transport.
It is likely that techniques for assessing serum thyroxine-binding can be considerably improved. Such an attempt, with the use of immunochemical techniques, is currently under study. Measurement of changes in other circulating transport proteins may also be of value in following the status of pregnancy. It has been shown that plasma cortisol levels, the cortisol-binding protein (transcortin), ceruloplasmin, iron-binding globulin, and haptoglobin are all increased during the administration of large amounts of estrogen or during normal pregnancy (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) . It Comparison of the method with assessments of protein-bound iodine, serum chorionic gonadotropin, and vaginal smears indicated its greater precision in predicting the outcome of threatened abortions.
Studies of 103 normally pregnant women and 78 patients during pathologic pregnancies suggested that normal pregnancy changes, in the absence of mechanical disturbances to gestation, were prognostically favorable in women who were threatening to abort.
These data confirm the view that fetal death considerably antidates clinical abortion in women whose pregnancies terminate after threatening to abort.
